Introduction: New tools and approaches are necessary to facilitate public policy planning and foster the management of innovation in countries' public health systems. To this end, an understanding of the integrated way in which the various actors who produce scientific knowledge and inventions in technological areas of interest operate, where they are located and how they relate to one another is of great relevance. Tuberculosis has been chosen as a model for the present study as it is a current challenge for Brazilian research and innovation.
Introduction
The process of developing new pharmaceuticals is expensive and time consuming. The data extant concerning this process are the result of innumerable studies suggesting that it can range from USD 300 million to USD 1 billion, and take up to 12 years to bring a new medication to market [1] [2] [3] [4] .
To attend to the public health needs of their populaces and spur the process of innovation in the health area, decision makers in both the public and private spheres must analyze innumerable factors to manage the reduction of uncertainties and the optimization of results.
These activities are of particular importance in planning the combat of the so-called neglected diseases which are exclusive to, or prevalent in, developing countries and poverty-stricken areas.
These afflictions are not a priority for the pharmaceutical and biotechnology industries which are responsible for the development of medications, vaccines, and diagnostic kits [5] as they do not represent a significant revenue stream.
In this context, a country like Brazil, which possesses significant scientific development in this area, and has some industries and institutions capable of carrying out research and development (R&D), and both great biodiversity and consumer market potential, can develop the capacity to participate directly in the search for new bioactive molecules and their transformation into medications and diagnostic kits for existing diseases. All things being equal, they should optimize the allocation of their limited resources, as well as establishing public policies that articulate and coordinate the diverse actors who make up the network [6, 7] .
Why tuberculosis?
Tuberculosis is a global affliction, and the WHO estimates that it affects two billion people, which means that a third of the world's population is infected with the bacillus Mycobacterium tuberculosis (M.tb). The bacillus is capable of lying dormant in a human body for years until an individual's immunity system becomes unable to ward off the infection and incapable of destroying the bacillus. While the majority of people with the latent infection never develop the active form of the disease, between 5% and 10% of the carriers will be afflicted by it during their lives [8] . In 2010 alone it is estimated that globally over 1.45 million people died as a direct result of tuberculosis while another 8.8 million developed the active form of the disease. Although in some parts of the world incidence rates are falling, in those where poverty is prevalent and HIV/AIDS rates are high the disease has maintained a continuous growth rate, and it is the principal infectious disease responsible for AIDS/HIV mortalities. This global pandemic disease is deepening the chasm which separates rich and poor countries and further accentuating global social stress. For example, in 2009 alone, almost 10 million children were orphaned by parental mortalities caused by tuberculosis [9] .
In the case of Brazil, it can be observed that the tuberculosis incidence rate has been in decline. There were 51.4 cases per 100,000 inhabitants in 1990 but by 2007, the rate had fallen to 38.4 per 100,000. Investments in tuberculosis (including medication) have also increased substantially, jumping from USD 9.3 million in 2000 to USD 69.1 million in 2008 (National Tuberculosis Control Program, 2010). Despite these advances, currently there are around 5,000 reported deaths due to tuberculosis each year [9] .
The therapeutic arsenal in current use for the treatment of tuberculosis, the so-callled first-line drugs, consists of four: isoniazid, ethambutol, pirazimide, and rifampicin which were developed in 1952, 1962, 1954, and 1963 respectively. A treatment cycle with these drugs takes from six to nine months, but those patients who are unable to complete the entire treatment cycle, currently around 8% in Brazil [10] , may acquire resistant strains necessitating an additional two years of treatment with the so-called second-line drugs, which usually have serious side-effects. It is important to emphasize that worldwide in 2010 there were an estimated 650,000 cases of multiple drug-resistant tuberculosis (MDR-TB) and that M.tb has recently developed new forms of resistances to known drugs named extensively drug-resistant tuberculosis (XDR-TB) and totally drug-resistant tuberculosis (TDR) [11] . Thus, it has been confirmed that the tuberculosis drugs available are inadequate to meet the various inherent treatment challenges which is what makes the development of new biomedical technologies, new drugs and new drug regimens such a vital priority in global control and eradication programs [12, 13] .
In line with the objectives of the United Nations, which has set a goal of drastically reducing the tuberculosis incidence rate by 2015, several initiatives and partnerships were created to deal with this challenge, such as: TB Alliance, launched in 2000; FIND, Foundation for Innovative New Diagnostics, launched in 2003; Stop TB initiative, created by the World Health Organization in 2006. They aim to provide universal access to high quality diagnostic tools and patient-centered treatment that can reduce the human suffering and socio-economic oppression associated with tuberculosis; protect the poor and populations vulnerable to TB, TB/HIV, and drug-resistant TB; and support the develop- There have already been initiatives to establish coordinated actions for the development of innovative technologies aimed at the combat of tuberculosis in Brazil. In the 1990s the ''Fine Chemical Program to Combat Tuberculosis'' (QTROP-TB) was carried out over a ten-year period through a partnership between the Financier of Studies and Projects (FINEP) and the Federal University of Rio de Janeiroro (UFRJ) with the collaboration of local industries as one of it main goals. Various activities, conducted with the aim of establishing a strategic vision for the future, mobilized more than 400 specialists and dozens of institutions from different economic sectors to better understand future technologies for combating tuberculosis [14] . However, the challenge to develop new low-cost and safe drugs, treatments, and rapid diagnostic kits still persists.
From a more general point of view, it should be emphasized that according to the Oslo Manual [15] , there are two basic families of indicators for science and technology, which are directly relevant to innovation measurement: resources devoted to R&D and patent statistics. In addition, bibliometric and various other sorts of indicators offer complementary information, although much of this type of information is generally not easily available in an entrepreneurial environment.
To leverage structural projects that articulate competencies already installed in Brazil and identify bottlenecks in the path leading from the laboratory bench to market it is fundamental to identify some items. The most important ones are: (1) who are the authors publishing in the area?; (2) in which institutions are they located?; (3) which institutions seek patent protection for their inventions?; (4) does a correlation exist between the Brazilian institutions that publish and the ones that apply for patents?; and (5) what are the results of these patent applications? In addition to these items, it is important to study who is interested in this market in Brazil and, starting with this, identify some criteria such as possible partners, suppliers, and market niches to enter, among others. It is of great relevance to also verify: (6) who are the foreign applicants? and; (7) what countries are they from?
The objective of the present study is to respond to these questions by using two search tools that deal with data analyses in a consolidated manner: (i) the study of tuberculosis co-authorship networks and (ii) a survey of information found in patent applications about the theme in Brazil.
Results and Discussion

Tuberculosis co-authorship networks
During the period from 1995 to 2010 there were 28,264 articles surveyed of which 860 had a Brazilian author. During this period the Brazilian production of scientific articles about tuberculosis increased more than twelve fold, the proportion of articles about TB by Brazilian researchers in relation to global production raising from 0.93% to 4.96% (Figure 1) . Table 1 lists the journals that published five or more papers authored by at least one Brazilian researcher and their respective impact factor. Table 2 lists the most productive 25 researchers authoring these papers.
The 25 institutions most featured, in terms of tuberculosis article publication involving Brazilian authors, are listed in Table 3 . It should be noted that the ten Brazilian institutions that published the most articles about TB are located in the southern and southeastern regions of the country, a consequence of the great asymmetry of economic development, scientific production and knowledge of the disease among the five geographic regions of Brazil (North, Northeast, Midwest, Southeast and South; http:// www.brasil.gov.br/sobre/geography/politic-geography/regions-ofbrazil-1/br_model1?set_language = en).
Scientific co-authorship networks are a powerful instrument for analyzing scientific and technological collaborations and partnerships [16] [17] [18] , and they complement the classic indicators employed in bibliometric studies such as the number of articles published during a specific period, impact factor, and index H, among others. Recently, Morel and collaborators applied this coverage to the planning, implementation, monitoring, and evaluation of neglected disease R&D programs [19] .
The major components of the TB co-authorship networks of Brazilian scientists and their institutions are shown in Figures 2  and 3 , respectively, where network node sizes are displayed in proportion to their ''betweenness'' (Tables 4 and 5 ), an indicator of the gatekeeper/broker role of the node in the network [20, 21] . The analysis of these networks shows that: (i) 14 authors are present in both Table 2 (authors ranked by total number of publications) and Table 4 (authors ranked by betweenness in the network); (ii) The four institutions that are the most productive in tuberculosis research in Brazil (Table 3 ) also represent the four most prominent gatekeeper nodes of the TB institutional network (Table 5 ). 
Tuberculosis patent applications in Brazil
Our search retrieved 138 patent applications filed in Brazil since 1995 related to tuberculosis therapeutics and/or diagnostics. The five countries most featured were the USA with 59 filings, Brazil with 18, India with 10, Germany with 7 and Belgium with 7 ( Figure 5 ). Among the filers, the three main applicants were US companies (3 M Innovative Properties, Corixa Corporation (incorporated by GlaxoSmithKline in 2005), and Pfizer Products Inc.) ( Figure 6 ).
The university that had the greatest number of applications was the University of São Paulo (USP) with six filings. All of them were co-titled with other universities, research institutions or a research support foundation, FAPESP (Research Support Foundation from the State of São Paulo) in this case. Two of the applications were originally exclusively from UNICAMP but later were shared with USP, and in one instance, a portion of one that was owned by a private individual was ceded to USP.
The two applications by research institutions pertain to the Oswaldo Cruz Foundation (Fiocruz), one of which is still being evaluated while the other one was denied.
Of the 18 applications made by nationals, 12 referred to therapeutics and 6 to diagnostics. In the former group, 8 were being evaluated, 3 had been archived, and 1 had been denied, while in the latter group 2 were being evaluated, 2 had been archived, and 2 had been denied (Figure 7 ).The only application by a private individual was archived. Thus, it can be seen that to date there still has been no application of national origin granted.
Ten of the 18 patent applications are still under analysis. It is therefore important to note that a patent is a temporarily ceded property right, considered a movable property for all legal effects, and one that gives its owner the right to exclude third parties from the production, use, sales or importation of the protected product or process. A patent application is subjected to an exam of merit and to be granted it must fulfill the requirements of patentability. These include novelty, inventive step, and industrial application, in addition to being clearly and sufficiently described in a way which permits its reproduction by a specialized technician (Brazilian Law 9.279/96). The exclusive right to a patent only comes into force after the expedition of the patent certificate, and it is retroactive from the date of application. Before the expedition of the patent certificate is carried out, there can be only the expectation of the right. However, this does not impede the negotiation of the patent application, and thus it should be borne in mind that the risks of acquisition are greater in this situation and that this has implications in the valorization of the asset.
It can be observed that USP, the institution that published the most research during the period studied (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) , was also the Brazilian one that filed the greatest number of patents. Celio Lopes Silva and Ana Olivia de Souza, from USP, were also the inventors with the largest number of Brazilian TB patent applications filed in Brazil during the period considered. It has also been verified that all the universities (USP, UNICAMP, and UFMG) and the research institution (Fiocruz) which filed more than two patents, also figured among the 11 entities that most published articles in the TB area. Thus, it can be observed that Brazil features a strong institutional association between scientific research, expressed by the number of scientific articles, and patent activity, expressed by the number of patent applications.
Universities have played a very active role in innovative initiatives in the Brazilian TB field and are involved in 71% of all patent applications by nationals (Figure 8 ). However, it seems as though they are unable to overcome the barriers that exist to transform these results into products and bring them to the market. Weak participation by industry in patent applications in the area, only 17%, and poor cooperation between universities and companies (only one patent filing is co-titled 5%), demonstrates the lack of communication between academia and industry. This weak participation of industry enormously complicates the generation of innovation.
The combined analysis of publishing and patenting further reveals that Brazil has managed to consolidate its scientific research productivity in the TB area through universities and public research institutions over the past 15 years (Figures 1, 2, 3 and Tables 1, 2 , 3, 4, and 5), and currently still relies on these very same actors to cope with the current challenges of technological innovation (Figures 6, 8) .
In 2004, with the idea of fostering innovative public policies by creating a legal framework to solve these problems, Brazil passed the Law of Innovation (Law 10.973, December 2, 2004), which was designed to encourage strategic partnerships between universities, research institutions and private enterprises, and promotes the shared use of scientific and technological infrastructure by these three groups and thus fosters increased mobility of researchers inside the system [22] . Nevertheless, the creation of a legal framework favourable to innovation is incapable, in and of itself, of overcoming the systemic deficiencies occasioned by the incipient participation of private industry in the process of innovation in the area. It is also inappropriate to delegate to the universities the role of taking to market those inventions generated in an academic environment. To manage this aspect, policies have been created that focus on production development, and their main goals are an increase in fixed investments, a greater Brazilian participation in exportation, and expanding the private investments in R&D and making them more dynamic [23] . In this context, there are several ongoing structural projects and partnerships between the public and private sector -initiatives which have the objective of managing, and articulating research and technological development to produce medications and diagnostic kits aimed at serving the Brazilian public health sector, and, in this particular instance, help in the battle against tuberculosis.
The articulation of national competencies and the fostering of innovation activities in ways which help pave the way from ''workbench to market'', are being supported by recent policies supporting the ''health industrial complex'' concept [24, 25] : (i) stimulating the private pharmaceutical sector through the Profarma program of Brazil's National Bank for Economic and Social Development, BNDES (http://www.bndes.gov.br/ SiteBNDES/bndes/bndes_en/); (ii) supporting the creation of technological development centers in the public sphere, for example, the Center for Technological Development in Health at FIOCRUZ, CDTS [26, 27] ; (iii) collaborating with partnership for product development (PDPs) such as FIND and the TB Alliance in the development of diagnostic tools and clinical trials of new drug regimens; (iv) joining open source initiatives addressing drug discovery for neglected tropical diseases [28] as did Fiocruz partnering with WIPO Re:Search (http://www.wipo.int/ research/en/). These efforts have been successful in attracting innovative international industries and partners which, although possessing various patent filings in Brazil (Figure 6 ), are not at present accustomed to developing their R&D&I activities in the country but might in the near future consider Brazil as an option to their international R&D&I strategies. In these contexts partnerships with initiatives of other emerging countries, such as India's open source drug discovery (OSDD) initiative [29] , should be promoted. India, aside from sharing the combat of tuberculosis and its drug-resistant forms as a common challenge [9, 30, 31] , has been developing inventions in this area and was the third country, after the US and Brazil, in the number of patent applications in Brazil related to the treatment and diagnosis of tuberculosis ( Figure 5 ). This coverage of joint analyses between publications and patents has shown itself to be particularly important in countries like Brazil that have consolidated their scientific and publication base and, at the moment, count on the same actors to lead technological innovation challenges.
Studies of this nature should be applied to other technological fields to contribute to the betterment of public policy planning and innovation management through the mapping of actors and key institutions and the identification of bottlenecks in the process of generating and granting patent protection to new products and processes. 
Methods
Co-authorship networks
Standardization of names and addresses of authors and
institutions. The ISI raw data files were imported into the textmining software VantagePoint (http://www.thevantagepoint.com) with the appropriate ISI filters. A process of standardization was carried out to bring together the various different names of a particular author or institution and VantagePoint thesauri for names and addresses were created in order to process additional name and address lists.
Network assembly, visualization and analysis. Co-occurrence matrices of authorship data were built into VantagePoint and data exported to UCINET software for social network analysis [32] . A co-occurrence matrix shows the number of records in the dataset containing two given list items. Symmetrical, cooccurence matrices (also called ''adjacency matrices'') were created using the same set of authorship data in rows and columns in order to map co-authorships between authors (authors6authors matrices) or institutions (institutions6institutions matrices). Networks were assembled, visualized and analyzed for several parameters such as network componentes, cut-points and betweenness with the softwares NetDraw which is embedded in the UCINET package.
Patent survey
To conduct a survey of all the patent documents for tuberculosis medications and diagnostic kits filed in Brazil, two public databases were consulted: the Brazilian INPI database accessible on the web at http://www.inpi.gov.br and the Espacenet database of the European Patent Office at http://ep.espacenet.com. For the Brazilian base, data collection was done on April, 26, 2010, and it consisted in searching for all documents containing the word tuberculosis or words derived from its root (tuberculo*) in the title or abstract that were applied starting January 1, 1995, which was the date when Brazil began granting patents for pharmaceutical chemicals and medications. The analysis of the evolution of the legal status of patent applications related to Brazilian nationals was done on January 4, 2012. The Espacenet database was searched for documents published in Brazil with the A61P 31/06 classification which according to the IPC pertains to specific therapeutic activity of chemical compounds or medicinal preparations for tuberculosis. This classification was included in the seventh edition of the IPC which entered in vigor on January 1, 2000.
The search of patent information and the comparison of data between the most diverse nations has been especially facilitated as the structure of patent documents and bibliographical data must comply with international standards established by the World Intellectual Property Organization (WIPO). A numerical code, known as the ''international agreed numbers for identification of data''(INID) serves as a standardized way to identify all the fields of information present on the cover sheet of the patent document. In addition, the search for technological fields has also been facilitated by the fact that practically all the patent documents around the world are classified according to the International Patent Classification (IPC). The IPC treaty was signed in the city of Strasbourg in 1971 for the purpose of systematically organizing and uniformly classifying patent documents by technological sector of member countries in a manner that facilitates the search and retrieval of this data. Its present hierarchical structure encompasses 8 sections, 129 classes, 639 subclasses and more than 69,100 groups. Beginning with the eighth edition which came into force on June 1, 2006, it underwent substantial changes, better enabling electronic search engines' access to the patent database environment [33] .
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